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to connection elements (9) in which securing grooves (6, 6')
are secured 1n a positive locking manner. The flow elements
according to the invention contribute toward improved man-
ageability and eflectiveness of components. In a preferred
embodiment, the flow elements are used as a distribution
system 1n the form of a plurality of capillary cartridges (1-1,
1-2, . . . ). Such distribution systems are of technical
importance 1n the field of catalyst testing apparatuses with
reactors arranged 1n parallel.
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1

FLOW ELEMENT HAVING AN
INTEGRATED CAPILLARY LINE FOR
TRANSKFERRING FLUIDS

The present invention relates to a flow element for trans-
ferring fluids which comprises a capillary cartridge (1)
having an integrated capillary line (3).

In a parallel arrangement of flow elements, which 1s
preferred, the flow element 1s used as a distribution system

for fluids.

The flow element or the distribution system 1s preferably
used 1n apparatuses for the testing of catalysts, more par-
ticularly for the testing of reactors arranged 1n parallel.

Parallel reactor apparatuses are an essential instrument in
high-throughput research 1n the field of heterogeneous
catalysis because they make 1t possible to simulate 1mndus-
trial-scale processes on a laboratory scale. The further
development and improvement of parallel reactors 1s of
great technical interest because this accelerates the devel-
opment of new catalysts and the improvement of catalytic
processes.

The accuracy of simulation of catalytic processes depends
on numerous parameters, wherein the handling of fluids, 1.e.
gases and liquids, 1s of particular importance. In particular,
the flow element according to the invention provides
improved supply and discharge of reactant fluid streams or
product fluid streams.

Parallel reactor apparatuses have at least two reactors
arranged 1n parallel. Within the meaning of the present
invention, a reactor 1s understood to refer to a reaction
chamber 1n which one or a plurality of reactant fluids 1s
subjected to predetermined physical or chemical conditions
in order thus to produce a reaction. By way of example—
with no claim of completeness—one can mention the com-
bination of two fluids or the thermal treatment or combined
thermal treatment of combined fluids. The above-mentioned
reactors are preferably tube reactors.

It 1s known from the prior art that fluids can be supplied
to or discharged from the reactor via one or a plurality of
distribution systems.

The distribution system or systems are preferably
equipped with elements that throttle the flow, and 1n the case
of a given flow, generate a pressure diflerence 1n the sup-
plying line. Depending on the configuration and arrange-
ment of the element throttling the flow, the pressure differ-
ence can assume a value in the range of 1 to 200 bar.
Structural elements are known from the prior art that have a
throttling action and are used in connection with apparatuses
for testing catalysts. Capillaries are particularly preferred
throttling elements.

Fluid distribution systems based on capillaries are part of
the prior art, especially with respect to a homogeneous
distribution of gas flows. An example of this 1s the patent
U.S. Pat. No. 2,583,177 of the company Umiversal Oil
Products, Chicago.

In U.S. Pat. No. 7,854,902 B1, various microfluidic
reactor cartridges from the company Nano Tek are described
and claimed. A microfluidic reactor cartridge that 1is
equipped with coiled capillary lines 1s also disclosed as a
microtluidic reactor cartridge. The cartridge comprises a
reactor 1n which reactions are carried out.

The use of microchannels and capillaries for flow regu-
lation 1s generally known. For example, EP 1297889 A from
the company Symyx discloses reactors for parallel optimi-
zation of process tlow based on microchannels. EP 1297889
A describes flow distribution systems 1n which flow restric-
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2

tors having different restriction resistances are connected in
parallel. The restrictors can be adjusted, thus making 1t
possible to adjust the flow.

WO 2010/003661 Al discloses test benches with control-
lable or adjustable restrictors. WO 2010/003661 Al dis-
closes the control and regulation of the fluids flowing
through the restrictors by temperature control of the capil-
lary lines. FIG. 3 of PCT application WO 2010/003661 Al
discloses a module with a plurality of capillaries arranged 1n
parallel. FIG. 1 of PCT application WO 2010/003661 Al
shows various flow elements.

The present mvention relates to capillary lines. Advan-
tages of the present invention are that the manageability and
cllectiveness of throttling capillaries can be significantly
improved compared to the structural elements known from
the prior art. The uniform distribution and time constancy of
the tlow resistance constitute an essential factor contributing,
to the quality of the measurement data produced 1n operation
of parallel reactor apparatuses.

PCT/EP2009/004945 describes the favorable effect of
rigid thermal coupling of throttling capillaries and surround-
ing thermal nsulation on the distribution of fluids in cata-
lytic experiments. The eflect essentially lies in that the
capillaries are uniformly temperature-controlled waith
respect to one another and 1n that thermal disturbing effects,
which e.g. are attributable to a temperature gradient 1n the
heating oven, are kept away from the capillaries.

Capillary lines are often used as fluidic resistors. Within
the meamng of the present mnvention, the term capillary line
refers to tubelike arrangements, preferably tubes with a
circular cross-section. The internal diameter of the capillary
lines 1s 1n a range of 10-1000 um, and preferably 20 to 250
um, and their external diameter 1s 1n a range of 150 to 3000
L.
The length of the capillary lines used in connection with
the flow element according to the invention 1s in the range
of 0.1-50 m, preferably 0.5-10 m, and more preferably 1-10
m.

According to the invention, the capillary lines are 1n
colled form so that they allow favorable manageability and
can be used i techmical apparatuses 1n a space-saving
manner, preferably as fluid distribution elements in parallel
reactor apparatuses.

The matenal properties of the capillary line depend on the
specific technical use and the prevailing conditions con-
nected therewith and are otherwise unlimited. In a preferred
embodiment, capillary lines contain noble metal alloys, e.g.
iron or nickel-based alloys are used, or other alloys having
similar properties. Moreover, it 1s also preferred for capillary
lines to be based on quartz glass or glass. Capillary lines of
quartz or glass should preferably have a protective polymer
coating in order to improve their mechanical stability.

Ceramic capillary lines, composed e.g. of quartz or glass,
show only low mechanical stability. Minor mechanical
stress can cause a ceramic capillary line to break, while
kinks can occur 1n metal capillanies. Kinks and line defor-
mations result 1n uncontrolled changes 1n tflow resistance.

In the field of GC analysis technology, relatively large
capillary lines are often used as gas chromatography sepa-
ration columns. The lengths of these capillary lines are in the

range of 1 to 100 m. In order to ensure proper manageability
of the capillary lines, they are used as coils 1n the form of
wound columns 1n the ovens of gas chromatographs. These
wound columns are also referred to as “capillary coils.”
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It was found to be advantageous to fix the capillary coil
in place. In this manner, the radius of the coils, or in the case
of multiple winding of the capillaries, the distribution of the
radi, can be kept constant.

It 1s known from the prior art that the flow resistance of 5
a bent line 1s greater than that of a straight line because of
said bending.

Because of the bending of the line, the fluid flowing
through 1t undergoes deceleration on the side of the tube
closest to the center of the bending compared to the side of 10
the tube facing away from the center of the bending. This
gives rise to an eddy that causes an apparent reduction 1n the
cross-section of the tube. This eflect 1s described by the
“Dean number.” A derivative can be found for example 1n
the textbook “Stromung and Druckverlust [Flow and Pres- 15
sure Loss],” Walter Wagner, pg. 94, Vogel Fachbuch, 5%
Edition. This eflect (referred to as the Dean effect) causes the
flow resistance to decrease with decreasing bending radius,
primarily in the case of laminar flow 1n tubes. The Dean
cllect 1s most strongly pronounced at a Reynolds number of 20
RE=2000. In this case, tlow resistance increases by 40%
between a straight capillary (r—=00) and a coiled capillary
with r=2 cm.

It has further been found in experiments that feeds in
which ultrafine particles are distributed tend to plug capil- 25
lary tubes. This results 1n a plug, primarily in the area of
inflow into the capillaries. This can optionally be removed
by reverse flushing of the capillary tubes, and 1n other cases,
it 1s necessary to remove a short piece of the capillary line.

In any case, 1t 1s required to remove the capillary lines from 30
the system.

One of the objects of the mvention 1s to improve the
manageability of fluids in parallel reactor apparatuses. In
particular, improved parallel reactor apparatuses are to be
provided that can be used in the laboratory for simulating 35
catalytic processes and that prevent or alleviate at least one
of the above-mentioned drawbacks.

The objects mentioned here and further objects are solved
by providing a flow element for transierring fluids that has
a capillary cartridge (1) and a coiled capillary line (3), 40
wherein the capillary cartridge contains a ring-shaped chan-
nel (8) and securing elements, and wherein the flow element
1s characterized in that the coiled capillary line (3) 1s
arranged 1n the ring-shaped channel (8), with the ends of the
capillary line (3) having one connection element (9) each. 45
The connection elements (9) are secured by means of two or
more securing elements at least i a positive locking and/or
non-positive locking manner. Preferably, the securing ele-
ments are configured in the form of securing grooves (6,6').

Preferably, the transition pieces are secured at least in a 50
positive locking manner. The connection element (9) 1s
configured to be eirther non-separable or separable. The
non-separable embodiment 1s carried out e.g. by means of a
bulkhead screw connection and 1s shown in FIG. 3.c. The
separable varnant 1s configured as a plug-in connector. An 55
example of this vanant 1s shown in FIG. 3.4/3.5. In the two
embodiments, means or elements of the anti-rotation device
(21) are provided that prevent the action of external forces
on the connection elements (9) from causing movements of
the capillary line (3). In an advantageous configuration, the 60
capillary cartridge (1) 1s configured as a solid assembly.

The structure according to the imvention ensures stabili-
zation of the capillary line (3) 1n the capillary cartridge (1),
thus better protecting the capillary lines (3) from mechanical
damage. Moreover, the 1nstallation and removal of the flow 65
clements 1n technical apparatuses 1s simplified compared to
the installation and removal of capillary lines. The manage-
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ability of the capillary lines (3) arranged 1n the cartridges (1)
1s better and simpler than the manageability of the capillary
coils known from the prior art. In a particularly advanta-
geous embodiment, the capillary line (3) 1s fully integrated
into the flow element, wherein the flow element forms a
homogeneous block that protects the capillary line (3) from
mechanical damage.

A capillary cartridge within the meaning of the present
invention comprises a module containing at least one cap-
illary or capillary line (3) and at least one housing. The term
capillary cartridge thus refers to a module with at least one
capillary (3) and at least one housing. Moreover, at least two
clements are integrated into the module that make 1t possible
to connect the capillary (3) to the supply and discharge lines
respectively, wherein movements and force ellects in par-
ticular are prevented from being transierred to the capillaries
located 1n the module by said elements. The module can be
replaced as a whole or as a unit. The supply and discharge
lines are the lines of an apparatus with reactors arranged 1n
parallel used for testing catalysts or for process optimiza-
tion. The installation of the flow elements 1n this parallel
reactor 1s particularly easy and therefore advantageous. The
fixation 1 place of the flow element with supply and
discharge lines means that a flmdic connection to the con-
nection element (9) or connection elements (9) 1s estab-
lished. The supply and discharge lines have an inner line
diameter of 1-10 mm, and preferably 1.5-5 mm. The 1nner
diameter of the supply and discharge lines 1s greater than the
line diameter of the capillary lines themselves. The fixation
in place of the tlow element with supply and discharge lines
also means that said fixation 1s fluid-tight. Sealants are thus
present between the outer connection element (11, 11") and
the supply and discharge lines to be attached thereto.

In a preferred embodiment, the capillary cartridge (1) of
the tflow element according to the mnvention 1s characterized
in that the securing grooves (6, 6') form a positive locking
connection to the connection elements (9) with an angularly
configured anti-rotation device (21). This fixation preferably
limits the rotatability about the longitudinal axis of the
connection element (9) in the securing grooves (6, 6'),
wherein the rotatability of the longitudinal axis 1s charac-
terized by an angle of rotation of =20°, preferably <10°, and
particularly preferably =5°. The limitation of rotatability 1s
particularly advantageous, as this prevents or minimizes
mechanical damage to the capillary lines (3). The cross-
section of the securing grooves 1s preferably characterized
by not being circular. The cross-section preferably has at
least three corners, 1.e. a triangular, square, pentagonal, or
hexagonal cross-section, or 1s a cross-section having more
than si1x corners.

The connection elements (9) are also preferably con-
nected to the capillary cartridge (1) via the securing grooves
(6, 6') 1n a non-positive locking manner. For example, the
groove (25) shown 1n FIG. 3.¢ can be used for this purpose.
On the one hand, this structural element restricts the rotat-
ability of the connection elements (9), and on the other, all
other degrees of freedom of movements that are outside the
axis of symmetry of the connection element (9) are inhibited
with respect to the capillary cartridge. The connection
clements (9) allow the capillary lines (3) to be installed 1n
and removed from the cartridge (1) in a simple manner.

In this case, the connection of the mner side of the
connection element (9) to the end of the capillary line (4, 5)
1s preferably a screw connection, and more preferably, the
screw connection 1s equipped with a compression seal.

In a preferred embodiment of the flow element, the
connection element (9) 1s configured separably in the sense




US 10,737,233 B2

S

of a plug-in connector system, as shown 1n FIG. 3.a or FIG.
3.b. The plug-in parts (18) of the coupling system are
preferably located on an outer side of the capillary cartridge
(1). Corresponding to the plug-in parts (18), suitable cou-
pling bodies (19) are preferably located 1n the front wall (17)
of the surrounding housing. In an advantageous embodi-
ment, the plug-in parts (18) and the coupling bodies (19) are
configured 1n a replaceable arrangement.

Preferably, the flow element according to the invention 1s
configured such that the connection elements (9) are located
on different sides of the capillary cartridge (1), and prefer-
ably on opposite sides of the capillary cartridge (1).

In a preferred embodiment of the flow element, the
capillary channel (8) 1s filled with a heat-conducting casting
maternial. This improves thermal coupling to the capillary
cartridge (1).

Fixation in place of the capillary line (3) can be mentioned
as a further advantage of filling with the heat-conducting
casting material.

In a further embodiment of the flow element according to
the invention, the capillary cartridge (1) contains a material
having favorable thermal conducting properties. The mate-
rial of the capillary cartridge (1) 1s preferably a metal
comprising at least one metal from the group of copper,
aluminum, and brass. The thermal conduction 1s important
for temperature control of the capillary lines (3). The tlow
clements can be arranged 1n ovens and temperature-con-
trolled to desired target temperatures by means of said
ovens. Homogenous temperature control of the capillary
cartridges (1) and the capillary lines (3) arranged therein 1s
of great importance for the flow properties of the fluids.

With respect to dimensioning of the flow element accord-
ing to the invention, the capillary cartridge (1) should
preferably have a bottom surface area in the range of 10 to
400 cm?, and preferably in the range of 20 to 200 cm?, with
the width of the capillary cartridge (1) preferably being in
the range of 0.5-6 cm, and more preferably 1n the range of
1-4 cm. The two bottom surfaces of an individual tlow
clement are preferably arranged in parallel, which allows
connection of individual capillary cartridges (1) to form
capillary cartridge stacks (1-1, 1-2, 1-3, . . . ).

In a particularly advantageous embodiment of the flow
clement according to the invention, one side of the bottom
surface of the flow element also forms the insertion opening
of the capillary line (1) into the channel (8). In this case, 1t
1s also further preferred that the same side of the bottom
surface form the insertion opening for the connection ele-
ments (9). For example, the insertion openings can e.g. be
the grooves for the connection elements (6, 6') and thus
constitute the securing grooves (6, 6'). The embodiment
presented here also provides advantageous assembly of the
flow element. The assembled flow element 1s a highly
compact component that can be particularly advantageously
used as a fluid flow element 1n apparatuses. An aspect of the
invention thus relates to the advantageous manageability of
the flow element, which relates both to the assembly of the
flow element and to the positioning and fixation of the tlow
clement as a fluid flow element 1n reaction apparatuses
equipped with reactors arranged in parallel and used for
testing catalysts. The reactors arranged 1n the reaction appa-
ratuses are used for testing solid catalysts and/or process
optimization.

The capillary line (3) arranged in the capillary cartridge
(1) preferably has a length in the range of 0.1-30 m,
preferably 0.5-10 m, and more preferably 1-10 m.

In a preterred embodiment, the capillary cartridge (1) has
at least one control.
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In a further embodiment, which 1s also preferred, the
invention relates to a distribution system composed of a
plurality of flow elements, wherein the flow elements are
preferably arranged in stack form.

Further preferred 1s a distribution system in which the
plurality of flow elements 1s contained 1n a housing (12, 13,
14, 15, 17), wherein the housing 1s equipped with an
apparatus for heating and/or cooling of the flow elements.
This housing 1s also produced according to the above
presentation from a material having favorable thermal con-
ductivity. High thermal conductivity combined with high
thermal capacity favorably aflects equalization of tempera-
ture transients. High thermal conductivity in connection
with high thermal capacity 1s achieved 1n this connection
using, for example, 0.5 kg of aluminum.

Further preferred 1s an embodiment of the distribution
system 1n which the individual flow elements are essentially
thermally decoupled from one another. In this case, each
flow element preferably has at least means for heating and/or
cooling, preferably a means for heating and/or cooling for
cach module/capillary cartridge (1), and preferably a means
for heating.

In a preferred embodiment, the housing enclosing the
flow elements, which 1s equipped with the apparatus for
heating and/or cooling, 1s also enclosed by insulation.

In a preferred embodiment, the housing accommodates
parts of a sealing fluidic coupling system, the counterparts of
which are located on one side of the base element of the
capillary cartridge (1). See FIG. 2 for details. The coupling
system 1s configured such that fluidic coupling of the cap-
illary cartridge to the surrounding housing can be achieved
simply by sliding the capillary cartridge into the surrounding
housing. In this case, measures are to be taken to ensure that
the couplings are not pressed apart by the fluidic pressure.
For example, the cover (14) of the surrounding housing,
which 1s shown 1n FIG. 3, can be used for this purpose. Other
positive locking means are also suitable. An example of a
positive locking means 1s illustrated 1n FIG. 5, wherein in
FIG. § a pin 1s imserted through the covering (13). The
removable pin, which for example can engage with a recess
in the base element, 1s not shown 1n FIG. 3. If the covering
(13) 1s sufliciently large, 1.e. extends beyond the edge
opposite the couplings, 1t 1s also pretferable for the pin to
engage on the opposite side of the couplings. Moreover,
non-positive locking means, such as e.g. clamping with a
spindle, are also included according to the mmvention.

In a further preferred embodiment, the couplings are
located on two opposite sides. This corresponds to the
embodiment shown in FIG. 1. In this case, measures are
taken to prevent the separable connection elements (9) from
coming loose under the pressure prevailing inside them. For
this purpose, the separable connection elements (9) them-
selves should preferably contain a locking mechamsm. It 1s
turther preferred for couplings to be arranged without a
locking mechanism 1n a surrounding structure that absorbs
the forces generated and allows loosening of the couplings.

In a further preferred embodiment, the connection ele-
ments (9) are located on adjacent surfaces of the base
clement (2) of the capillary cartridge (1). This 1s to be seen
as a combination of the two arrangements described above,
and the measures for sealing and mechanical securing men-
tioned i the two paragraphs above are therefore to be
implemented.

In an embodiment, the flow elements according to the
invention are preferably arranged as a distribution system.
The distribution system constitutes a further aspect of the
invention.
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The flow element or the distribution system 1s preferably
used 1n parallel reactor apparatuses. Use of the tlow element
and distribution system according to the invention provides
technical advantages with respect to the manageability of the
structural elements and the accuracy of the data quality. It 1s
turther preferred for the flow elements used herein to have
a calibration that has already been determined prior to
installation in the apparatus.

The distribution system according to the invention
ensures precise temperature control of the capillary lines (3)
arranged 1n the individual flow elements.

This makes 1t possible to control thermal eflects more
tavorably than can be achieved with other temperature
control means and arrangements ol the prior art. The
improved control of fluid tlow conditions also allows better
accuracy of the catalysis data to be achieved.

An embodiment 1s therefore preferred in which the cap-
illary cartridges according to the invention are arranged in a
parallel reactor apparatus as a distribution system for fluids.
The manageability of the capillary cartridges 1s substantially
improved by the configuration according to the mmvention
and the arrangement inside the parallel reactor apparatus. It
can be mentioned as a particular advantage of the preferred
embodiment that each of the capillary cartridges, which are
arranged 1n parallel groups, can be individually replaced.
The corresponding situation 1s shown i FIG. 4 without a
surrounding housing. In particular, 1t 1s also preferable 1if
replacement of the individual capillary cartridges can be
carried out during operation of the parallel reactor apparatus.
The embodiment 1s shown by way of example 1n FIG. 2 for
an individual capillary cartridge. In this embodiment, the
lines to the couplings of the capillary cartridges are provided
with shut-ofl valves, or the couplings themselves are pro-
vided with locking elements (self-locking couplings). These
clements prevent the uncontrolled leakage of fluid streams
during replacement of the individual capillary cartridges. In
capillary cartridges that can be replaced during operation of
the apparatus, the respective couplings are located on the
same side of the cartridge. Maintenance work on parallel
reactor apparatuses can be substantially improved by using
the capillary cartridges according to the invention. It 1s
particularly preferable that the replacement of tflow elements
can be carried out during operation of the system, as the
reactors and the catalysts contained therein can be stored at
one operating temperature. Maintenance times and down
times 1n operation of apparatuses with reactors arranged in
parallel can thus be efliciently reduced.

In addition to the further adjustment of the temperature
gradient, a surrounding housing provides spatial stabiliza-
tion of the capillary cartridges and thus allows the forces
arising from fluidic pressure on the couplings to be
absorbed. These are directed such that they drive the sepa-
rated connection elements away from one another. Corre-
sponding detachable fixing elements that always act on a
single capillary cartridge alone are positive locking or
non-positive locking connections between at least one part
of the housing and one cartridge respectively.

EXAMPLE EMBODIMENTS OF THE FLOW
LEMENT ACCORDING TO THE INVENTION

[T]

FIGS. 1 through 5 show the flow elements according to
the invention or individual aspects of the flow elements or
the distribution system according to the mmvention. These
figures are by no means to be interpreted as limiting the
present mvention 1n any way.
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In an example embodiment, which 1s preferred, the cap-
illary cartridge (1) comprises a metal block for accommo-
dating the capillary line (1). The dimensions of the capillary
cartridge (1) 1n this example are 10x10x20 cm. By way of
example, this 1s a cartridge (1) with a square bottom surface.
The bottom surface i1s passed through by a ring-shaped
channel (8), wherein the channel (8) 1s configured to be
suitable for accommodating a capillary line (3). Moreover,
the capillary cartridge also has securing grooves (6,6') that
serve to accommodate connection elements (9). In a special
configuration, the connection elements (9) can be designed
as so-called bulkhead screw connections. A bulkhead screw
connection 1s a tube-shaped connection element, wherein a
screw thread 1s disposed on the outer side of the tube-shaped
base element and measures are implemented 1n the interior
that allow a fluidic connection. At the respective ends of the
tube-shaped base element, respective compression SCrews
are arranged by means of which the supply or discharge lines
are secured and fluidically connected to the base element
and thus to one another. Moreover, an anti-rotation device 1s
located approximately 1n the middle of the base element.
This 1s typically configured 1n a square or hexagonal shape,
wherein the cylindrical base element 1s located 1n the center
of the anti-rotation device and undetachably connected
thereto. After removal of one of the compression screws,
moreover, a nut can be tightened so that the anti-rotation
device 1s pressed against the edge of a bore hole. In this
manner, the positive locking action of the anti-rotation
device 1s supported by a non-positive locking action.

In particular, cartridges (1) with a separable and non-
separable connection element (9) are preferred.

These receiving elements for the connection elements (9)
can be arranged on opposite sides, as shown 1n FIG. 1 or 2.
In a further preferred embodiment, the connection elements
(9) are disposed on one side, and 1t 1s also preferable 11 the
transition elements are disposed on adjacent sides. In either
case, the transition elements are arranged such that they are
secured against rotation. Secured against rotation means that
the plug-in part (18) or the coupling body (19) 1s connected
to the body by means of positive locking means, preferably
an anti-rotation device (21), such that the base element can
rotate a maximum of 30°/20°/10° with respect to the capil-
lary cartridge (1). This measure for positive locking ensures
both that the external supply lines cannot be rotated due to
mounting of the internal capillaries (3) and that the internal
capillaries (3) cannot be rotated due to mounting of the
external supply lines.

The term “securing means” within the meaning of the

present invention refers to means with which a) the capillary
cartridge (1) 1s locked, e.g. the covering is fixed 1n place with
a securing means, and b) the positive locking e.g. of the
connection element (9) 1n the groove 1s supported.
In cases 1n which the invention 1s used 1n the form of an
individual flow element, the capillary cartridge (1) 1s pro-
vided with a control or a covering The control can be
secured e.g. with screws, springs, or clamps The Covermg 1S
partially visible in FIG. 1. Among other effects, the covering
also causes the capillary line (3) to be maintained 1nside the
ring-shaped channel (8) of the capillary cartridge. The
covering further has the object of keeping tensile phenom-
ena, and thus disturbing thermal influences, away from the
capillary (3).

Housing

If the mvention 1s implemented 1n a preferred embodi-
ment of a distribution system with a plurality of flow
clements, 1t 1s advantageous to arrange the individual tlow
clements 1n stack form, as flow elements arranged in stack
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form can be particularly advantageously placed 1n a housing,
or the housing can be advantageously arranged around the
flow elements.

An exploded view of this arrangement 1s shown 1n FIG.
4. The tlat bottom surfaces are advantageous 1n that the one
bottom surface can be used as a covering or control for the
adjacent capillary cartridge.

The capillary cartridges advantageously comprise a mate-
rial having favorable heat conducting properties. Examples
include materials from the group of copper, aluminum or
brass. Preferred are materials whose thermal conductivity 1s
greater than or equal to 100 W m™ K™, and more preferably
greater than or equal to 400 W m~' K.

With respect to the material thickness of the housing, it
should preferably have a material thickness of =5 mm, more
preferably =10 mm, and even more preferably >20 mm.

An advantage of the preferred material thickness 1s that 1t
allows the improvement of making the temperature field
more homogeneous. A highly homogeneous temperature
ficld allows uniform temperature control of the internal
space.

In a further embodiment, which 1s also preferred, the
distribution system enclosed by a housing 1s arranged 1n an
oven. For example, this can be a convection oven. Selective
temperature control of the tlow elements makes it possible
to adjust the viscosity of the fluid guided 1n the capillaries
(3) such that the pressure drop required for the experiment
1s generated over the capillary (3). It should be borne 1n mind
that the viscosity of gases increases with temperature, while
the viscosity of liquids decreases.

Heating/Cooling

In a further embodiment, the housing enclosing the dis-
tribution system 1s equipped with 1ts own heating. This
heating can take place e.g. by means of surface heating
clements, heating films, or channels through which a heat
transier liquid flows.

Cooling means can be arranged on the external surface of
the surrounding housing. Preferred are heat exchangers
through which fluid can tlow, but fluid flowthrough can also
be achieved 1n that the housing components contain direct
bore holes for fluids. It 1s further preferred to incorporate
channels into the housing into which tubes for fluids are
pressed. Moreover, cooling elements based on the Seebeck
ellect (Peltier cooling elements) are preferred.

Selective cooling 1s also a means for adapting the viscos-
ity of the flmds guided through the capillary lines to the
experimental requirements.

In cases where precise adjustment of the viscosity to a
specified value and thus maintenance of a particular tem-
perature does not play a decisive role, but the highest
possible uniformity of the flow resistances among one
another 1s the sole important factor, heating or cooling 1s not
necessary. In this case, 1t 1s suflicient to provide the sur-
rounding housing on the outer side with thermal insulation.

In this case, the heat transfer coeflicient of the thermal
insulation should preferably be less than 1 W m™" K.

Heat Conducting, Hardening Material

In precise measurements of the conductance of the coiled
capillary lines (3), 1t has been found that both the spatial
position of the capillanies, 1.e. the winding radius, and
constant heat flow 1n the capillaries (3) are important for
constancy of the flow resistances. The spatial position of the
coils, the coiled capillary lines (3), can be fixed by filling the
circumierential channel with a heat conducting, hardening
material. The use of silicone casting materials has been
found to be particularly efiective 1n this connection, espe-
cially silicone casting materials with significant thermal

10

15

20

25

30

35

40

45

50

55

60

65

10

conductivity. In any case, the thermal conductivity of these
materials 1s greater by 1 to 2 orders of magnitude than the
conductivity of air or the conductivity generated by contact
between the capillary lines (3) and the capillary cartridge
(1).

An embodiment 1s preferred 1n which the capillary car-
tridges (1) are individually temperature-controlled and ther-
mally decoupled from one another. Temperature control 1s to
include both measures for increasing the temperature above
the ambient temperature and measures for reducing 1t below
the ambient temperature. The individual temperature control
devices are advantageously equipped with means or ele-
ments for keeping the temperature constant, 1.e. temperature
controllers.

Moreover, it 1s preferable for the capillary lines (3) to be
replaceable 1nside the tflow elements after they wear out, so
that 1t 1s possible to equip the cartridges (1) with new
capillary lines (3) and then reuse them.

Moreover, the connecting lines can also be equipped 1n
the outer area with bayonet connections, thus allowing rapid
connection and removal of the supply lines.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a diagrammatic view of the flow element
according to the invention fitted without a capillary line (3);
in the embodiment shown, the two connection elements (9)
lie on opposite sides 1 one axis. Bulkhead screw connec-
tions according to FIG. 3.¢c are shown as connection ele-
ments (9).

FIG. 2 shows a diagrammatic view of a flow element. The
embodiment according FIG. 2 shows the flow-clement
equipped with coupling elements which are shown 1n FIG.
3c. In this particular embodiment the connecting element (9)
i1s held 1n the notch (50) by help of the nut (25). The
anti-rotation device (21) which i1s given by a triangular,
preferably tetragonal, further preferably hexagonal element
1s part of the tubular connection element (9). Therefore the
at least triangular element (21) prevents element (9) from
twisting along its rotational axis which 1s perpendicular to
the channel direction of connection element (9).

FIG. 3.a shows a view of the connection element (9) 1n the
embodiment of a separable plug-in connector. The plug-in
part (18) and the coupling body (19) of the coupling are
shown 1n an opened state.

FI1G. 3.5 like FIG. 3.4, however, 1s shown 1n a closed state.

FIG. 3.c shows a view of the connection element (9) as a
bulkhead screw connection. This refers to a connection with
an e.g. compression screw (20' or 24') on either side. This
connection element 1s not separable.

FIG. 4 shows a diagrammatic view of a distribution
system composed of a stack-type arrangement of four flow
clements 1 which all of the connection elements (9) are
arranged on the same side. The coupling body (19) 1s located
in the front wall (17) in the extension of the connection
clements (9). Here, the emphasis 1s on the arrangement of
the plug-in connectors.

FIG. 5 shows a diagrammatic view of a distribution
system with eight flow elements arranged 1n a stack with
eight capillary cartridges (1-1 to 1-8) surrounded by the
plates of the housing wall. Here, the variant 1s shown with
couplings that are individually screwed into place. This
arrangement 1s also suitable for the use of self-locking
plug-1n connectors.
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FIG. 6 shows a schematic illustration of how the coupling
units 1n FIG. 3¢ are afhixed to the flow element of the present
invention by way of the securing groove (6).

LIST OF REFERENCE SIGNS

1—Capillary cassette

2—Base element

3—Capillary line or capillary

4—Fnd piece of the capillary line on inlet side

5—FEnd piece of the capillary line on outlet side

6,6' —Sccuring element 1n the form of securing groove for
accommodating the connection element (9)

8—Channel

9—Connection element

10—Center of the base element

11,11'—Outer connection element of the connection element

12—Upper part
13—Removable rear wall
14—Side part

15— Closure of the rear wall, shown as a countersunk screw
16—Lower part
17—Front wall
18—Plug-1n part of the coupling
19—Coupling body
20—Outer connection element
20—Outer connection element, embodiment Compression
SCrew
21—Anti-rotation device
22— Sealing element
23— Section of front wall 17
24—Inner connection element
24" —Inner connection element, embodiment Compression
SCIew
25— Groove for securing the connection element
1-1, 1-2, . . ., 1-8—Various capillary cartridges
The invention claimed 1s:
1. A flow element comprising:
a capillary cartridge and a coiled capillary line,
wherein the capillary cartridge comprises a ring-shaped
channel and a securing element,
wherein said securing element 1s 1n the form of securing
grooves,
in the tlow element, the coiled capillary line 1s arranged
in the ring-shaped channel,
cach end of the capillary line 1s connected to a connection
clement by screw connections with a compression seal,
respectively, and
the connection element 1s fixed 1n place with two or more
securing elements,
wherein the securing grooves form a positive locking
connection to the connection elements with an angu-
larly configured anti-rotation device, or wherein the
connection elements are connected to the capillary
cartridge via the securing grooves in a non-positive
locking manner, such as clamping with a spindle.
2. The flow element of claim 1,
wherein the two or more securing elements are configured
as securing grooves, which are an inlet-side securing
groove and an outlet-side securing groove.
3. The flow element of claim 2,
wherein each of the inlet-side and outlet-side securing
grooves accommodates an anti-rotation device of the
connection element, and
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the anti-rotation device has at least three cormers, so that
at least one edge of the anti-rotation device runs
parallel to an edge of the imlet-side or outlet-side
securing groove, so that a rotatability of the connection
clement about 1ts longitudinal axis 1s characterized by
an angle of rotation of =20°.
4. The flow element of claim 2,
wherein the connection element 1s also connected to the
capillary cartridge in the securing grooves 1n the non-
positive locking manner.
5. The flow element of claim 1,
wherein a connection between an mner side of the con-
nection element and the end of the capillary line 1s a
screw connection.
6. The flow element of claim 1,
wherein an outer side of the connection element 1is
equipped with a screw thread, which t allows a non-
positive locking and sealing connection with lines
located outside the capillary cartridge.
7. The flow element of claim 1,
wherein the connection element consists of two separable
parts, such that a sealing system fluidically seals an
inner channel of the connection element with respect to
an environment.
8. The flow element of claim 1,
wherein the capillary cartridge comprises a metal.
9. The flow element of claim 1,
wherein the capillary cartridge comprises a device that
controls the temperature of the capillary chamber and/
or
a space 1nside the capillary channel 1s filled with a
heat-conducting casting material.
10. A distribution system, comprising at least two of the
flow element of claim 1.
11. The distribution system of claim 10,
wherein the distribution system 1s enclosed by a housing.
12. The distribution system of claim 10,
wherein each of the flow element 1s thermally decoupled
from one another.
13. The distribution system of claim 11,
wherein the housing 1s surrounded by insulation.
14. A method for testing a catalyst, the method compris-
ng:
testing a catalyst 1n a reaction apparatus,
wherein the reaction apparatus comprises a distribution
system comprising the flow element of claim 1.
15. Amethod for transferring at least one fluid, the method
comprising:
transferring the at least one fluid 1n at least one reaction
apparatus,
wherein the at least one reaction apparatus comprises the

flow element of claim 1 and two reactors arranged 1n

parallel.

16. A method for transferring at least one fluid, the method

comprising;

transierring the at least one fluid 1n at least one reaction
apparatus,

wherein the at least one reaction apparatus comprises the
distribution system of claam 10 and two reactors
arranged 1n parallel.
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On the Title Page
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In Column 8, Line 9, delete “(6,6')” and nsert -- (6, 6') --, therefor.

In Column &, Line 33, delete “FIG.” and insert -- FIGS. --, therefor.

In Column 10, Line 33, delete “tlow-element” and insert -- tlow element --, therefor.
Line 35, delete “3¢.” and 1nsert -- 3.c. --, therefor.

In Column 11, Line 2, delete “3¢” and insert -- 3.c --, therefor.

In Column 11, Line 12, delete “6,6'-Securing” and msert -- 6, 6'-Securing --, therefor.
In Column 11, Line 17, delete “11,11'-Outer” and insert -- 11, 11'-Outer --, theretor.
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In Column 12, Claim 9, Line 30, delete “chamber” and insert -- chamber, --, therefor.
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